In general each biomembrane contains a complex, but characteristic, mixture of different lipid species with variations in polar head-groups and paraffin chains. One of the main functions of the lipids is to form an appropriate permeability barrier, and this paper discusses studies on dispersions of isolated and purified lipids in water, which have been helpful in revealing how individual molecular species contribute to this function.
In general each biomembrane contains a complex, but characteristic, mixture of different lipid species with variations in polar head-groups and paraffin chains. One of the main functions of the lipids is to form an appropriate permeability barrier, and this paper discusses studies on dispersions of isolated and purified lipids in water, which have been helpful in revealing how individual molecular species contribute to this function.
When certain lipids, e.g. lecithins, having suitably balanced sizes of their polar head-group and hydrophobic parts, are dispersed in a water phase they spontaneously form liposome structures. It is well established that the bounding bilayers of these liposomes mimic the general barrier properties of biomembranes. The liquid-crystalline bilayers are permeable, not only to molecules which have sufficient hydrophobicity to enter a non-polar phase, but also to small non-electrolyte molecules with high polarity. By varying the lipid composition it has been shown that the rate of diffusion across the membrane is dependent largely on the fluidity of the paraffin core of the lipid bilayer. Decreasing acyl chain length and increasing unsaturation are factors which enhance the fluidity and promote the rate of permeation. In contrast, the introduction of cholesterol into the bilayer effectively reduces the fluidity and drastically reduces the permeation rate. In comparative studies on liposomal and biological membranes, the close correlations in extent and temperature dependence of permeation for a variety of permeant molecules indicate that differentiation in membrane fluidity, as a consequence of different lipid composition, plays an important role in regulating the rate of physiological membrane transport (de Gier, 1979) . The osmotic flow of water through lipid bilayers is well studied, and from the combined results of investigations on liposomal and planar model systems it appears that depending on the lipid Composition the osmotic Permeability coefficient for water of pure lipid bilayers can vary from 0.2 to 100 pm/s. The osmotic permeability coefficients of biomembranes from different origins and with different lipid compositions cover a similar range of values, with the exception of a few membranes for which a low activation energy and sensitivity to specific inhibitors indicate that the permeability of water is enhanced by polar channels which are probably proteineous (Fettiplace & Haydon, 1980; Finkelstein, 1984) .
From the foregoing comments it can be concluded that even with a permeant probe as small as the water molecule, the barrier function of biomembranes can be as efficient as a continuous bilayer of lecithin molecules. This conclusion is remarkable in view of the fact that the lipid variations are often so drastic that the size balance of the polar and hydrophobic parts of the molecule is disturbed. As a consequence practically each biomembrane contains considerable fractions of lipid species which by themselves prefer a nonbilayer organization and which may disturb the stability of the barrier arrangement. Furthermore, intrinsic proteins also may contribute to a destabilization of the bilayer organization so that the general barrier function is affected (Fig. 1) .
Gangliosides and lysophospholipids are examples of membrane lipids with a relatively large polar head-group, which when dispersed alone in water prefer a micellar rather than a bilayer organization. The barrier consequences of such a structural preference have been studied using binary mixtures of lysolecithins with diacylphospholipids. The results show that relatively large amounts of lysolecithin can be accommodated in the bilayer organization of the lecithin before this bilayer is converted into mixed micelles. However, the permeability barrier is affected at much lower concentrations and becomes freely permeable to ions for which the pure lecithin bilayer and most biomembranes are highly impermeable. Nevertheless, in general the concentration of micellar lipids in biomembranes is so low that, if it is assumed that they are distributed homogeneously in the membrane, no large permeability effects would be expected on the basis of the model experiments. In contrast, the concentrations of lipids with an opposite size balance, i.e. a small polar head-group and an extended hydrophobic part, are quite considerable in most biomembranes. Major species of lipids such as unsaturated phosphatidylethanolamines belong to this type of lipid. When dispersed in water they adopt an inverted hexagonal (HI,) phase in which the lipid molecules are organized in hexagonally packed cylinders with the polar head-groups facing the inside of the cylinders. Incorporation of this type of lipid in the bilayer also affects the permeability barrier, which, depending on the extent of destabilization, results in increased ion permeability, transbilayer (flip-flop) movement of the lipid molecules, fusion events and formation of non-bilayer domains (e.g. inverted micelles or cubic and hexagonal phases). Simultaneous incorporation of cholesterol, which is characterized by having a very small polar group, but an extensive hydrophobic body, can effectively promote such destabilization (Noordam et a/., 1980) .
That the biomembrane turns out to be an efficient permeability barrier, despite these destabilizing effects, is due to the complementary shapes of its constituents. In its simplest form this principle is demonstrated in mixed lipid model systems. Lysolecithin and unsaturated phosphatidylethanolamine are both non-bilayer lipids, and each of them is capable of destabilizing a lecithin bilayer, but a mixture of the two forms a perfect bilayer organization (Cullis er al., 1985) . interaction with sterols. This is shown. for example. by the finding that an equimolar mixture of lysolecithin and cholesterol is capable of forming bilayer-bounded vesicles with efficient trapping ability (van Echteld et a[., 198 1). However, a primary reason for the occurrence of non-bilayer lipids is probably that lipid molecules of different shapes are required to accommodate protein structures into the membrane organization. When a low concentration of gramieidin is added to liposomes composed of dioleoylphosphatidylcholine, cation-specific permeability is induced due to transmembrane channels formed by helical dimers of the peptide (Fig. 1) . When the concentration of the peptide is increased, the cation permeability loses its specificity and a variety of other trapped molecules can be released from the vesicles. Structural studies demonstrate that high concentrations of gramicidin are capable of inducing the transition from a lamellar to a hexagonal organization of the lipids (van Echteld et a/., 1982). That lipid shape is an important factor in the interaction of the peptide with membranes is further suggested by the finding that mixtures of grarnicidin and lysoleeithin spontaneously adopt a bilayer organization (Killian et (11.. 1983) .
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An opposite effect t o that of shape balance is observed when the protein glycophorin is reconstituted with lipids (Fig. I ) . When a mixed film of glycophorin and dioleoylphosphatidylcholine is hydrated with buffer, large unilamellar vesicles are obtained with the protein in a transmembrane orientation like that in an erythrocyte membrane. Although the glycophorin is supposed to have no transport functions, a comparison with pure lipid vesicles shows that the presence of the protein in the bilayer causes a dramatic increase in non-specific permeability to ions and sugars. This proteininduced destabilization can be counteracted by introducing the non-bilayer-forming phospholipid dioleoylphosphatidylethanolamine into the bilayer (van Hoogevest et a/., 1984). Destabilization of the permeability barrier upon reeonstitution in pure lipid systems appears to be a general problem. Therefore, it can be concluded that an important aspect of lipid diversity is that a variety of lipid species with different shapes are required to seal the membrane proteins in the bilayer barrier.
In exploring further the role of non-bilayer lipids in membranes it is of interest that the actual shape of lipid molecules can be affected to a large extent by environmental con-ditions. For example, an increase in temperature increases the motion of the fatty acyl chains and contributes to an extension of the hydrophobic part of the lipid molecule. This explains why several common membrane lipids adopt a bilayer organization at low temperatures, but undergo transition to a hexagonal (H,,) phase when the temperature is raised. Such changes in phase preference may well be relevant for an understanding of the alterations in membrane function caused by temperature variation.
Some membrane lipids can undergo bilayer to non-bilayer transitions under isothermal conditions when they interact with ions or proteins added exogenously. The negatively charged lipids cardiolipin and phosphatidic acid are of particular interest in this respect. When dispersed as their sodium salts they form liposome structures, but this bilayer organization can be converted into an hexagonal phase by addition of external Ca2+. To explore the consequences of such phase preference in mixed membrane systems, the effects of Ca2+ on the barrier properties of large unilamellar vesicles composed of dioleoylphosphatidylcholine containing 20 mol% of dioleoylphosphatidic acid or beef heart cardiolipin have been studied. At low concentrations (a few millimolar) of environmental Ca2+, the presence of the negatively charged lipid permitted a selective translocation of Ca2+ across the membrane. At higher concentrations, a more general increase in ion permeability was found, and above 10 mM-Ca2+ aggregation and fusion of the vesicles could be observed (Smaal et al., 1987) . The results of these experiments suggest that locally induced destabilization of the bilayers as a consequence of permeant-lipid interaction can result in specitic translocation of the permeant molecule. This fact may have a more general significance for membranes. In addition, the finding that peptides and proteins can also modulate lipid organization in a protein-and lipidspecific manner has been taken as an indication that local formation of non-bilayer lipid organization can play an important role in membrane insertion and translocation of proteins (Rietveld & De Kruijff, 1986) .
The use of liposomes in the study of Na+,K+-ATPase 
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The Na+,K+-ATPase or sodium pump (EC 3.6. 1.37) is the only ion pump equipped with a receptor. This extracellular receptor interacts with cardiac glycosides as well as with an endogenous inhibitor isolated from beef hypothalamus (Haber & Haupert, 1987) . Five genes, located on three different chromosomes, have been described so far for the asubunit isoforms of Na+, K+-ATPase (Kent et al., 1987; Shull & Lingrel, 1987; Sverdlov et al., 1987) which are associated with a /3-glycoprotein of about 300 amino acids and three to four Winked sugar chains (Noguchi et al., 1986; Shull et a[., 1986) . Multiple mRNAs for the /3-subunit have also been isolated (Young et al., 1987) .
The intracellular sites for ATP hydrolysis and phosphorylation, as well as the intra-and extra-cellular sites for ion binding and translocation, and the extracellular receptor have all been localized on the a-polypeptide (Zampighi et al., 1984; Ball, 1986; Farley et al., 1986; Lee & Fortes, 1986) . Despite this spatial separation, the phosphorylation/ dephosphorylation, translocation and receptor functions are tightly coupled by a still undetermined transmembrane and long-distance coupling mechanism.
To study this coupling mechanism, we are using sided liposome preparations containing pure, functional Na Here, we show results of studies combining the ultrastructural analysis of Na+ ,K+-ATPase liposomes with functional measurements of their permeability, active transport and receptor occupancy.
EfSect of Nu+, K + -ATPase on liposome structure and permeability Fig. l ( a ) shows the freeze-fracture appearance of protein-free liposomes formed with phosphatidylcholine (PC) by a cholate-dialysis procedure (Anner & Moosmayer, 198 1 ). These liposomes are widely variable in shape and do not contain particles. These characteristics are in marked contrast with those seen after incorporation of functional Na+ ,K+ -ATPase molecules on liposome structure (Anner, liposomes are more homogeneous in shape (most of them being more spherical) than the protein-free liposomes. At present, there is no explanation for the ordering effect of Na+ ,K+-ATPase molecules on liposome structure (Anner, 1 9 8 5~) . Fig. 2 demonstrates that this ultrastructural change is paralleled by an increased permeability. Whereas the protein-free PC liposomes are virtually impermeable to Na+ and Rh + , those containing transport-active Na+ ,K + -ATPase are much more permeable to these ions. Thus, after incorporation of the pump, the flux rates for Rb' and Na+ are increased 100-fold and 40-fold, respectively (Anner, 198 1 ).
